Pax3 target gene recognition occurs through distinct modes that are differentially affected by disease-associated mutations.
The paired box protein Pax3 is an essential regulator of muscle and neural crest-derived cell types, including melanocytes. Within this lineage, Pax3 has been shown to regulate the genes encoding microphthalmia-associated transcription factor (Mitf) and tyrosinase-related protein-1 (Trp-1), despite each having dissimilar Pax3 recognition sequences. We have, therefore, examined the structural requirements for Pax3 binding to the MITF and TRP-1 promoter elements, focusing on the contribution of the paired domain and homeodomain to Pax3 target site recognition. Unexpectedly, although the MITF element is characterized by suboptimal recognition motifs for the paired domain and homeodomain, it sustains a higher level of Pax3 binding than TRP-1, which contains a canonical paired domain site. The basis for this difference involves a context-dependent cooperative binding event requiring both the paired domain and homeodomain, while the paired domain alone is sufficient for TRP-1 recognition. Significantly, the analysis of Waardenburg syndrome mutations reveals marked disparity in their effects on MITF and TRP-1 binding that further underscores mechanistic differences in their interaction with Pax3. Importantly, these mutations also exert distinct effects on the ability of Pax3 to regulate reporter genes fused to either the MITF or TRP-1 promoters. Our results, therefore, establish that Pax3 can regulate target genes through alternate modes of DNA recognition that are differentially impacted by disease-causing mutations, which together have important implications for understanding Pax3-regulated gene networks.